The study deals with a comparative study on diversity and species composition of subaerial algal communities from tree barks of closed undisturbed sacred grove, mixed plantation, and open disturbed forest. A total of 85 taxa had been recorded, 30 cyanobacteria and 55 algal species belonging to six classes of algae. Sacred grove harboured the highest subaerial algal diversity compared to those of plantation and open disturbed forest. There was a strong significant difference in species composition among the three different sampling areas. High number of diatoms with 14 species was recorded in sacred grove. Cyanobacteria with 22 species were the frequent group in disturbed forest whereas Trentepohliales dominated in plantation. Canonical correspondence analysis confirmed that high photon irradiance favored the growth of cyanobacteria in disturbed forest. The abundance of Trentepohliales members correlated to high rainfall and photon irradiance. High diversity and presence of many diatom species in undisturbed Mawphlang sacred grove were associated with low photon irradiance and high relative humidity and could also be due to a presence of suitable substrata formed by the growth of mosses. Sunlight, relative humidity, and rainfall were the important factors which played a major role in determining the diversity and distribution of subaerial algal communities.
Introduction
Subaerial algae grow luxuriantly in Meghalaya and their presence impart yellowish or reddish orange colour to most of the tree barks, walls, and rocks. Meghalaya experiences high rainfall and high humidity which provides ideal condition for the growth of subaerial algal communities the whole year around. With the rapid disappearance of trees in forests, mainly due to urbanisation and shifting cultivation, it is important to record the diversity of microalgal communities in subaerial habitats in this region. Studies on subaerial algae growing in different habitats had been carried out since the 19th century [1] [2] [3] [4] [5] . Terrestrial microscopic green algae are the most widespread but the least known and most overlooked amongst all algal groups [6, 7] . By and large, compared with that of fresh water and marine algae, the knowledge on diversity and distribution of algae and cyanobacteria in subaerial habitats is very scanty and lags far behind [8] . Besides cyanobacteria and coccoid green algae, Trentepohliales members formed the main component of terrestrial flora in the world especially in areas with humid climates where they were growing on wide range of habitats [9] [10] [11] . In the recent years, some extensive taxonomical and diversity works had been carried out on subaerial algae but they were usually concentrated on Trentepohliales, a dominant group in subaerial habitat [12] [13] [14] [15] [16] . However, Neustupa andŠkaloud [8, 17] reported the diversity of other groups, mainly Chlorococcales and cyanobacteria along with Trentepohliales; they also reported the significant role of light on the diversity of subaerial algae and cyanobacteria. Works on subaerial algae were also carried out by various workers in subtropical and temperate forests [18] [19] [20] . In Indian context, information on subaerial algae is scanty and few reports are available from Kerala, Nilgiris, West Bengal, Assam, and neighbouring Bangladesh [21] [22] [23] [24] [25] [26] [27] .
Meghalaya with a geographical area of 22 International Journal of Biodiversity a typical monsoon climate with average annual rainfall as high as 1200 cm in some areas. Its climate is directly influenced by the southwest monsoon and the northeast winter winds. The four main seasons of Meghalaya are spring, monsoon, autumn, and winter. Spring usually runs from March to April. Monsoon usually starts by mid-May and continues right to the end of September and sometimes well into the middle of October. October and November are the transition months between rainy and winter seasons. The period between December and February is winter and is characterized by cold and dry weather. Meghalaya with its diverse climatic and topographic conditions supports many forests with a wide variety of floral diversity. Very little is known about the diversity and species composition of subaerial algae from Meghalaya which is a hot spot diversity region. Hence, the present work has been carried out to enumerate the diversity and species composition of subaerial algal communities growing on tree barks in this region, in relation to environmental parameters. Trees from three sites with different levels of disturbances and situated at different locations with a considerable distance from each other were sampled for this work. This study also aimed at investigating the effect of sampling areas and the role of photochromic elements like the sunlight and other environmental factors in determining the diversity and distribution of subaerial algae and cyanobacteria. [8, 17] , andŠkaloud [34, 35] . Species diversity was calculated using the Shannon-Wiener diversity index [36] , following the formula International Journal of Biodiversity 3 2.4. Statistical Analyses. nMDS (nonmetric multidimensional scaling) ordination plot was used in order to illustrate the similarities in algal species composition collected from three different sampling areas, and this was carried out in PAST software version 1.93 [37] . Significance of differences in species composition among the three different sites was assessed by nonparametric one way ANOSIM (Analysis of similarities) by using Bray-Curtis distance measure with 9999 permutations.
Material and Methods
SIMPER (similarity percentage) was used to detect the percentage contribution of each species to the observed dissimilarity amongst sites where it identified the species that were most important in creating the observed pattern of dissimilarity. The method used the Bray-Curtis measure of similarity which was carried out in PAST software.
Canonical Correspondence Analysis (CCA) was employed in order to explain the correlation of species to specific environmental variables [38] . For this purpose, the species abundance was taken into account. Taxa abundances were log transformed and environmental variables were square root transformed. CCA was performed using statistical package XLSTAT version 2009. Two-way analysis of variance (ANOVA) was used to find out the significant differences in environmental parameters which prevailed in the different sites and one-way ANOVA was carried out to see the significant difference in diversity between the sites. These analyses were carried out in Microsoft Office Excel 2007.
Results

Environmental Parameters.
The environmental parameters like photon irradiance, relative humidity, and temperature recorded from January 2012 to December 2012 varied significantly in between three sampling sites except for rainfall (Table 1) . Illumination was maximum in open disturbed forest in Umiam beside the National Highway-44 where it ranged from 272 to 460 mol m −2 s −2 , followed by plantation in Shillong Golf Course (76-158 mol m −2 s −2 ), and minimum in closed undisturbed sacred grove (17-51 mol m −2 s −2 ). Relative humidity also differed in three sites where humidity was noted to be maximum in open forest of Umiam (77%-90.0%), in sacred grove relative humidity ranged from 54%-88%, and it was minimum in plantation in Golf course (49.6%-63.26%). Temperature was the maximum in NH-44 and ranged from 11.9 ∘ C to 24.55 ∘ C, in plantation in golf course it was 11.6 ∘ C-23.69 ∘ C, and it was minimum in closed sacred grove (9.6 ∘ C-21.55 ∘ C). In case of rainfall, Mawphlang sacred grove experienced the highest rainfall with total annual rainfall of 2767.1 mm. In Golf course it was 2104.8 mm of rainfall and disturbed forest in Umiam received 2086.4 mm of total annual rainfall. The monthly environmental parameters prevailing in the three sites are given in Figure 1 .
Diversity and Species Composition.
A total of 85 taxa had been recorded, 55 algal species belonging to six classes of algae, that is, Bacillariophyceae, Chlorophyceae, Trebouxiophyceae, Klebsormidiophyceae, Ulvophyceae, and Zygnematophyceae, and 30 cyanobacteria were recorded from the three different selected sites ( Table 2) . Out of a total of 85 species, 27 taxa were recorded exclusively from closed undisturbed sacred grove, only 8 taxa were found exclusively in plantation in Shillong Golf Course, and 16 taxa mainly cyanobacteria belonged exclusively to Umiam disturbed forest beside the NH-44. Only 12 taxa were noted to be common to all the three sites. Closed Mawphlang sacred grove where relative humidity was high and tree barks usually covered by mosses showed a higher number of diatoms represented by 14 species whereas Trebouxiophyceae members were more in plantation in Shillong Golf Course. Cyanobacteria with 22 species dominated in open disturbed forest in Umiam where the photon irradiance was the highest and trees were covered with dust and soot.
Diversity index in sacred grove ranges from 0.98 in May to 2.95 in February whereas in open disturbed forest July has lowest diversity with 1.08 and February showed the highest with 2.19. In plantation in Golf Course, September showed lowest diversity index of 0.98, and February, with 2.14 has the highest diversity. Figure 2 showed the ranges of diversity in the twelve months in all the three sites. A common pattern was observed in all the three sites whereby the highest diversity was in the month of February. Taken as mean of all the twelve months in all the three sites closed undisturbed Mawphlang sacred grove with highest rainfall and lowest photon irradiance harboured the highest diversity (1.94) compared to that of open disturbed forest lying beside the NH-44 in Umiam (1.66) and mixed plantation in Golf course (1.44). However, there were no significant differences in diversity between sacred grove and disturbed forest and between disturbed forest and mixed plantation. Significant difference in diversity was noted only between sacred grove and plantation in Shillong Golf Course ( = 0.027).
The nMDS ordination ( Figure 3 ) clearly illustrated the differences in species composition in three different selected sites by forming three different clusters. Comparing within the groups, most of the samples collected from plantations in Golf course were very much similar to each other and hence arranged closely to one another, whereas samples collected from Mawphlang sacred grove were of diverse type and showed some variation in composition. Samples collected from NH-44 Umiam formed two different clusters but they were arranged closer to one another. Significant differences in species composition in three contrasting sites was further confirmed through ANOSIM which showed strong significant differences among the samples from these three sampling areas (mean rank within group = 140.4, mean rank between groups = 395.8, = 0.8107, = 0.0001).
SIMPER analysis showed a high dissimilarity in species composition among the three sites with an overall dissimilarity of 73.46% and the species that were responsible for the observed pattern of dissimilarity were also indicated ( CCA (Canonical Correspondence Analysis) of species abundance data with environmental variables produced an ordination where the first two axes were statistically significant ( < 0.0001) with Eigen values 0.22 and 0.18 for F1 and F2, respectively. Since the total inertia was higher in F1 (7.54) and followed by F2 (6.17); hence, F1 and F2 were considered for constructing the CCA biplot (Figures 4  and 5) . The CCA biplot explained that disturbed forest in Umiam correlated with high photon irradiance and relative humidity which favored cyanobacteria. Mawphlang sacred grove experienced low photon irradiance, high rainfall, and high relative humidity which influenced the high diversity of different groups of green algae and diatoms. Plantation in Golf Course correlated with high rainfall and photon irradiance which increased the abundance of Trentepohliales and green algae. Many cyanobacteria were strongly correlated with high photon irradiance while some other members on the other hand were influenced by rainfall, relative humidity, and temperature. Most of the members of Chroococcales Table 2. humidity. Diatoms abundances were correlated with high relative humidity and low photon irradiance except for Pinnularia borealis Ehrenberg which was influenced by high photon irradiance. Most of the Chlorophyceae members were influenced by high rainfall and relative humidity (Bracteacoccus grandis Bischoff & Bold, Bracteacoccus sp. and Gloeocystis ampla (Kützing) Rabenhorst and some were influenced by photon irradiance and high rainfall (Chlorolobion braunii Nägeli Komarek). Trebouxiophyceae members were influenced by high rainfall and photon irradiance except for Dictyochloropsis sp. Dictyochloropsis splendida (Geitler) Tschermak-Woess and Trebouxia sp. which were associated with high relative humidity. High rainfall and high photon irradiance influenced the increased abundance of Trentepohliales members (Printzina lagenifera (Hildebrand) Thompson and Wujek, Trentepohlia sp, T. abietina, and T. rigidula). Trentepohlia sp. 5 and sp. 6 found in sacred groves were associated with high relative humidity. Desmids (Mesotaenium macrococcum and Euastrum sublobatum var dissimile) were associated with high rainfall and high photon irradiance.
Discussions
In the present study, enumeration of 85 taxa from different tree barks growing in three different ecological conditions confirmed the richness of subaerial algal communities in this region which is known for its rich floral diversity. Besides Trentepohliales and cyanobacteria other green algal groups were also common in tree barks of this region; hence, attention should also be given to these algal groups since they add to the overall knowledge on diversity of subaerial algae from any geographical area. The exclusive record of 27 algal taxa in closed undisturbed sacred grove which belonged mainly to Bacillariophyceae and green algae showed some interesting fact that sacred grove strategy not only conserve the tree species but every element within hence conserving the rich biodiversity. Besides the 55 identified taxa in sacred grove, there are some species which are awaiting confirmation in identification. It is expected that this Sacred Forest could house some subaerial algal species which might be new to science hence further taxonomical and molecular work should be carried out. In this study identification of species was done mainly on morphological criteria; however,Škaloud (2009) reported that identification based on morphological characters were adequate for standard ecological studies. High diversity observed in low photon irradiance area of closed sacred grove was in contrast to that found by Neustupa andŠkaloud [8, 17] where diversity was more in open areas. Diversity was high in closed undisturbed sacred grove might be because of undisturbed nature, low photon irradiance, and high relative humidity which supported high number of diatoms and green algae. Low species abundance resulting in high evenness and low dominance index might be the other factors for high diversity in forest of Mawphlang sacred grove. Magurran [39] reported that diversity increased when dominance index was low and evenness index was high. Plantation in Golf course on the other hand showed dominance of mainly Trentepohliales members especially Trentepohlia abietina, and T. rigidula and therefore the diversity was low. In disturbed forest along NH-44 diversity was high due to the presence of many cyanobacteria which in turn increased the International Journal of Biodiversity 9 diversity. Strong significant differences observed in species composition of subaerial algal communities growing on tree barks in three different areas showed that sampling areas can also affect the species composition of subaerial algae. The differences in ecological parameters prevailing in the sampling areas could also play a role in determining the distribution of subaerial algae and cyanobacteria. The closed forest of Mawphlang sacred grove was characterised by mainly diatoms, 14 diatom species belonged to 10 genera (Achnanthes, Eunotia, Cocconeis, Diadesmis, Pinnularia, Frustulia, Gomphonema, Melosira, Navicula, and Nitzschia). Low photon irradiance, increased relative humidity, presence of mosses on the barks could be the possible reason for the growth of diatoms. Growth of many diatoms on terrestrial mosses has been reported by many workers [40] [41] [42] . They also demonstrated that moisture availability was an important factor for the growth of diatoms. Recording of 15 diatom species from the barks of different trees in the region was also high. Akinsoji [43] while working on bark micro flora of twelve tree species in southwestern Nigeria reported the presence of only 1 diatom species. Neustupa andŠkaloud [8, 17] did not encounter any diatom species in their studies. Chandra and Krishnamurthy [24] reported 7 genera and 9 species of diatoms from Chennai, southern part of India and 6 species of diatoms from tree trunk and rocks at Yercaud Hill, Tamilnadu [25] . It is known from literature that subaerial microhabitats are mainly dominated by members of Trentepohliales and cyanobacteria since they could adapt to harsh environmental conditions by developing different strategies to survive, mainly by producing high carotenoids in Trentepohliales and forming a sheath composed of extracellular polymeric substances (EPS) outside in cyanobacterial cells as a protection against desiccation [44, 45] . The finding here also proved that most cyanobacteria members especially Chroococcales and some taxa of Nostocales could grow well in areas with high photon irradiance so also was Trentepohliales where their abundance were more in plantation in Golf course and in open disturbed forest in Umiam compared to closed Mawphlang sacred grove which received low photon irradiance. The finding was also similar to that reported by Neustupa andŠkaloud [17] where cyanobacteria and Trentepohliales dominated in open anthropogenic spaces. High abundance of Trentepohliales was found in samples from plantation in Golf course which explained that besides photon irradiance, and rainfall also played a very crucial role in distribution and abundance of Trentepohliales members especially Trentepohlia abietina and Trentepohlia rigidula and some desmids such as Mesotaenium macrococcum and Eustrum sublobatum var dissimile. Among the four environmental parameters, rainfall was a crucial variable. Islam [10] explained that very heavy rainfall and prevailing humidity provided ideal conditions for growth of subaerial algae the year around.
Conclusions
High diversity and record of 85 taxa in this region showed that this region is also rich in subaerial algal flora. Besides Trentepohliales and cyanobacteria, other green algal groups and diatoms were common in tree barks of this region. Closed undisturbed sacred grove showed highest diversity than open disturbed forest and plantation. The study revealed that sampling areas with varied ecological variables played a great role in influencing the distribution and diversity of subaerial algal communities. Low photon irradiance, high relative humidity, and rainfall influenced positively the diversity of diatoms. Cyanobacteria members especially Chroococcales, some taxa of Nostocales, and Trentepohliales grew better in open areas receiving abundant sunlight which also showed their tolerance to high photon irradiance. Besides high photon irradiance, high rainfall also influenced the increased abundance of many Trentepohliales members. This study explained that subaerial algal diversity, abundance, and composition were all dependent on ranges of rainfall, photon irradiance, and relative humidity. Temperature had least effect on the diversity of subaerial algae. Hence, high rainfall in this region greatly influenced the diversity and abundance of subaerial algae.
